Purposes. All other rights are reserved by the copyright owner.
constrain the capacity of the global aviation system to meet the growing demand. -_ In response to these issues, NASA has set an aggressive goal of 20 dB reduction in the perceived noise levels of subsonic aircraft by the year 2017) Achieving this goal will require innovative noise reduction technologies combined with a multidisciplinary, systems approach to aircraft design.
Concurrent Design
The solid curves in Figure 1 show the evolution of design knowledge, freedom and cost committed during a typical aircraft design and development process. The traditional design stage delineations are indicated at the bottom of the figure. The goal of concurrent design is to shift the knowledge, cost, and freedom curves as shown by the arrows in Figure  I . Adopting a multidisciplinary design and analysis environment and improving the fidelity of the analyses in the early stages of the design process results in a more rapid increase in design knowledge than in the traditional design process. By limiting the number of choices made about the design until more knowledge can be obtained, the design freedom can be retained for a greater portion of the process so that the greatest drop-off occurs at the later stages. As result of these changes, the committed cost is kept low until the bulk of the decisions are made, later in the process. 
(b) use of approximation techniques
Figure 2: Using approximation techniques to create a metamodel
The most commonly used approximation method is response surface methodology (RSM), wherein a simple polynomial response surface equation (RSE) is used to represent the output from one or more analyses: FLOPS provides a simplified estimate of the engine geometry, which is used as the starting point for developing a more detailed description of the geometry for use in the higher-fidelity analysis methods which follow. Figure 4 shows the evolution of the Figure  4(b) shows the geometry after it is processed by the engine geometry processing utility. The fan rotor and stator aspect ratios, rotor-stator spacing and hub ramp angle are changed based on user input; a nose cone is added; the nacelle is extended to make the core and bypass jet exhausts coplanar; and the nacelle outer surface is adjusted to enforce slope and curvature limits.
Finally, Figure 4 (c) shows the engine crosssection after the fan blade design has been performed as described in the next section.
Another utility can be used to produce three-dimensional plotting information in TECPLOT format ( Figure 5 ).
Fan Preliminary Design
In order to calculate fan noise, the fan blade geometry must be defined, and the fan flow field must be computed at each flight condition. 
where _,_, is the design fan pressure ratio and Jr,. is the actual pressure ratio at each radial station. The problem is subject to the constraints of maximum rotor diffusion ratio, stator diffusion ratio, stator inlet Mach number, rotor turning, and stage reaction at each radial station.
The rotor exit tangential velocities at four radial stations are used as the design variables in the optimization.
Using the computed design inlet and exit blade angles, rotor and stator blade sections are created using polynomial curves for the blade mean-line angle and thickness distributions as a function of mean-line distance.
The method used is similar to that of reference 14.
Noise Analysis
The noise analysis methods have been selected to meet certain criteria to be appropriate for use in this study:
(1) the method must be applicable to the subsonic commercial aircraft and high-bypass ratio engines; (2) the method must be based primarily on the laws of physics, with empiricism limited to secondary aerodynamic phenomena such as fan blade wake distributions and jet plume aerodynamics; and (3) the entire analysis for one configuration at one flight condition must run in a reasonable time--on the order of two hours or less. Even though the goal is to incorporate higher-fidelity analysis methods into the conceptual design process, there is still an upper limit to the analysis time which can be tolerated while still maintaining the ability to examine a reasonably large design space.
A layout of the detailed noise analysis block is shown in Figure 6 . Since the fan, jet, airframe etc. noise source components are independent, they can be computed in parallel for more rapid computation. The analysis is two-dimensional but includes the three-dimensional effects of stream sheet thickness Output from M*G*B consists of the predicted jet plume flow field and the far field sound pressure level as a function of frequency and directivity angle.
Other Sources
Suitable physics-based methods for additional components of the total sound field such as airframe, core, and turbine noise which satisfy the constraints on applicability and computation time do not appear to be available.
These sources are currently modeled using empirical methods. The methodology has been assembled in such a manner, however, that if suitable methods become available in the future, they can be inserted into the analysis without difficulty. Figure 9 for takeoff and approach, using FAR 36 noise certification procedures. The blade sections for the fan rotor at the hub, mid-channel, and tip stations are shown in Figure 10 as assembled by the preliminary fan design methods. These blade sections represent a starting point for the surface definition and have not been optimized to achieve true controlleddistribution sections. Figure 11 shows the computed fan streamlines in the meridional plane, as computed by MERIDLN, for the sideline flight condition. The computed inlet-radiated rotor-stator interaction tone acoustic field is shown in Figure 12 for the m = 6 circumferential mode at twice the blade passing frequency (BPF). The jet mean flow velocity and turbulence intensity fields are shown in Figure 13 .
Concluding Remarks
The methodology described in this paper represents an implementation of an analysis system which can be used in conjunction with approximation methods and risk analysis techniques to conduct conceptual-level design studies using physics-based noise analysis. The interface and simplified handling of data and analysis flow; (2) adding a fan blade boundary layer analysis method to replace the empirically-computed blade wake velocity distributions in V072; and (3) computing the jet plume flow field using thin-layer Navier-Stokes CFD to replace the empiricism of Reichardt's method. 
